INTRODUCTION
Endotoxin displays many biological activities in man and animals . Selye et al. (1966) reported that the lethal activity of endotoxin in the rat was greatly enhanced by iv administration of lead acetate and that the enhancing effect of lead acetate was the greatest when the two agents were given simultaneously . Since then it has been observed that administration of lead acetate enhanced lethal activity of endotoxin not only in rats (Selye et al ., 1966; Filkins, 1970; Trejo and Di Luzio, 1971 ) but also in chickens (Truscott , 1969) , mice (De Clercq and Merigan, 1969; Miler et al., 1971; Seyberth et al ., 1972; Terao and Katsuno, 1978) and primates (Holper et al., 1973) .
Most bacterial vaccines contain endotoxin as one of the constituents causing untoward reactions. The vaccines usually do not contain so much active endo toxin that the lethal activity of endotoxin can be detected by the toxicity test . Therefore, instead of lethal toxicity, it was necessary to find some appropriate biological response due to a sublethal dose of endotoxin for analyzing the actual toxicity of endotoxin. Then Kurokawa and his coworkers (1960, 1962, 1968) gave attention to the decrease in body weight by pertussis vaccine in mice.
The body weight-decreasing activity of endotoxin, which is considered to be a main toxic constituent in vaccine, was studied in mice (Ishida, 1968) . Accordingly, the above-mentioned Selye's work led us to study the enhancing effect of lead acetate on the body weight-decreasing activity of endotoxin in mice. We first determined in mice the effective dose of lead acetate enhancing the body weight-decreasing activity of endotoxin but having no body weightdecreasing effect by itself (Kuratsuka and Fujiwara, 1972) . The activity of endotoxin was enhanced in the mice treated with certain effective doses of lead acetate given before endotoxin administration (Kuratsuka and Fujiwara, 1972; Fujiwara and Kuratsuka, 1978) . The activity of endotoxin was enhanced also by the administration of a mixture of endotoxin with lead acetate (Kuratsuka and Fujiwara, 1974) . The previous papers, however, dealt with the enhancement only qualitatively. In this paper, the enhancing effects of lead acetate given prior to, simultaneously with and after endotoxin administration were analyzed and compared quantitatively by regression analysis and the parallel line assay method. (Kuratsuka, 1975; Fujiwara and Kuratsuka, 1978) . Consequently, 4-week-old female mice were purchased and weighed every morning for about 7 days and those showing normal increases in body weight were selected for experimental use. The mice were randomly allotted to the materials and methods according to experimental designs. The mice were weighed every morning for the indicated days. Feed (Oriental Kobo Co., Tokyo) and water were freely accessible.
MATERIALS AND METHODS

Endotoxin
Body weight-decreasing activity of endotoxin: As a metameter of body weight-decreasing activity of endotoxin, body weight-ratio (BWR) (Kurokawa et al., 1960 ) was adopted and calculated by the following formula:
where A and B mean the body weight (g) before and on the i-th day after LPS administration, respectively. Administration method of lead acetate: In the pre-and post-administration, lead acetate and LPS solutions were intraperitoneally given in a volume of 0.25 ml. In the mixed administration, the lead acetate solution was mixed with an equal volume of an LPS solution and 0.5 ml of the mixture was given by the same route. For controls, sterilized water was injected instead of the lead acetate solution.
Statistical analysis: Regression analyses and Finney's parallel line assay (1964) were carried out according to Kurokawa et al. (1978) . Since the homo scedasticity of variances in each experiment was not denied by the Bartlett's method, significance tests were made by the method described by Tukey (1949) at 5% probability levels and confidence intervals were calculated using the common variances at 95% probability level. •õ Numbers of mice used for statistical analysis.
RESULTS
Effect of Pre-administration of Lead
• Fig. 1 indicates graphically those dose-response relations; the regression line of the treated group is situated lower than that of the control, promising the enhancing effect of lead-acetate administration on the body weight-decreasing activity of LPS. Significant deviation from parallelism was demonstrated in the two lines (Table II-1) . The enhancing effect of the lead-acetate administration is different depending on the dose of LPS coinciding with the results of analysis by the Tukey's method presented above; the minuter the dose of LPS, the more intense the effect of lead acetate on the body weight-decreasing activity of LPS is indicated, within a certain limits of doses of LPS. The importance of the fact will be discussed later. •÷ Body weight-ratio on the first day (see text).
The three regression lines (Fig. 4) of the treated groups by the three administration methods were comparatively studied. The variance analysis showed that the two regression lines in the pre-and post-administration methods were not denied to be mutually parallel (Table IV) but those lines in the post-or pre-and mixed administration methods were denied to be parallel to the others (table not presented).
The relative activity of the pre-administration method to the pos-tadmini stration methods was 4.12 with a confidential interval of 1.99 to 8.48; the body weight-decreasing effect by the pre-administration method was about four times as potent as that by the post-administration method. On the contrary, because of non-parallelism between the line by mixed administration method and those by the other methods, the values of relative activity could not be obtained by the parallel line assay method. 
DISCUSSION
It is known that the dose-response relation is often linear over a wide range of doses when the doses are transformed into logarithmic metameters (Finney, 1964) . Such dose-response relations have been discovered in many fields of work. Linear dose-response relations are realized between lagarithmic doses of endotoxin and body weight-decreasing responses in mice (Ishida, 1968) . In the present studies, the same relations were also observed between logarithmic doses of endotoxin and their body weight-decreasing responses not only in normal mice but also in the mice treated with lead acetate within the range of endotoxin doses used.
It was found that the two dose-response lines obtained in the control and the treated mice were essentially non-parallel beyond the different administration methods of lead acetate. This was the case also in the following experiments and in our previous data analyzed by the parallel line assay method (Kuratsuka and Fujiwara, 1972, 1974; Fujiwara and Kuratsuka, 1978) . Though no significant deviation from parallelism was demonstrated in some experiments as shown in Table III , such discrepancy may depend mainly on the range of endotoxin dose used in the experiment. The non-parallelism indicated that the enhancing effect of lead acetate depended on the dose of endotoxin; no enhancing effects were found with relatively large sublethal doses of endotoxin, while, within a certain limit of minute doses, the minuter the dose of endotoxin given, the more intense the enhancing effect of lead acetate appearing in the treated mice. Such a trend of enhancement of the response by lead acetate is of great advantage to detect a small dose of endotoxin. The enhancing effect of lead acetate may be utilized in assay for a minute amount of endotoxin.
The essential non-parallelism between two dose-response lines for endotoxin obtained in lead-treated and control mice provides two problems to be discussed. Firstly, there may be qualitative differences in mechanisms of body weightdecreasing activity of endotoxin between the lead acetate-treated and control mice. The qualitative difference in the mechanisms are of interest but quite obscure at present. It is well known that many kinds of biologically active substances such as hydrocortisone and its related substances, histamine, serotonin, catecholamines, etc. are induced in vivo after endotoxin administration and some of these substances affect biological activities of endotoxin accelerately or suppressively as modulators (Chedid, 1954; Thomas, 1954; Zweifach et al., 1956; Heiffer et al., 1958 Heiffer et al., , 1960 Egdahl, 1959; Rosenberg et al., 1961; Hinshaw et al., 1961; Schayer, 1964; Jacobson et al., 1964; Kuratsuka et al., 1974 Kuratsuka et al., , 1976 Kuratsuka et al., , 1978 . In spite of the treatment with a constant dose of lead acetate, the enhancing rates differed depending on the dose of endotoxin. This fact suggests that the et KURATSUKA 
